Background: Giardia duodenalis is a well-known intestinal parasite. The host immune response needs much effort to be clarified. Objective: Evaluation of the transcriptional level of a panel of cytokines in intestinal tissue and assessing the correlation between these levels and cyst count. Material and Methods: An experimental G. duodenalis infection was conducted in a rat model composed of twentyfive laboratory-bred, parasite-free male albino rats, divided into 10 for control group and 15 for infected group. Samples from intestinal tissues were collected to investigate interferon gamma (IFN-γ), tumor necrosis factor alpha (TNF-α), interleukin-4 (IL-4) and interleukin-10 (IL-10) using quantitative real-time (qRT)-PCR.
INTRODUCTION
Giardia duodenalis is a worldwide protozoan parasite that affects about 280 million individuals every year [1] . The heterogenicity in the clinical symptoms of giardiasis among infected individuals is attributed by many authors to the presence of different genotypes [2] .Various studies have confirmed the occurrence of considerable levels of infection resulting from oro-gastric inoculation of G. duodenalis cyst into albino rats with consistent infection rates using an inoculum size of 2.5x10
4 to 5x10 5 [3, 4] .
Regarding the evaluation of the immune response to G. duodenalis, it has been postulated that both innate and adaptive immune mechanisms are necessary [5] . Reported mechanisms of the innate immunity include production of antimicrobial peptides, nitric oxide, phagocytosis by macrophages, maturation, and migration of dendritic cells to the site of infection [6] . Earlier work on adaptive immunity observed the essential role of CD4+ T cell [7] , immunoglobulin A [8] and immunoglobulin G [9] . In terms of cytokines, Djamiatun and Faubert [10] reported that G. muris infection in BALB/c mice resulted in secretion of IFN-γ, IL-4 and IL-5 by spleen and Peyer's patch cells.
IFN-γ mediates cellular immune response and enhances differentiation of naïve CD4+ T cells, lymphocyte recruitment, and prolonged activation in tissues [11] .This cytokine is important for the clearance of G. muris and considered as a master component of Th1 responses [5] . A murine study conducted by Goyal and Shukla [12] demonstrated that Giardia-infected mice had elevated levels of both IFN-γ and TNF-α. Saghaug et al. [13] found that cells expressing TNF-α were higher in individuals infected with Giardia duodenalis than in controls. Besides, it has been found that Giardia-derived antigens increased production of TNF-α [14] , which is the chief regulator of pro-inflammatory cytokine production [15] . As regards IL-4, this cytokine is useful in enhancing Th2 and suppressing Th1 differentiation [16] . Long et al. [17] reported that the increasing production of IL-10 might counterbalance the inflammatory response during infection.
In line with the evaluation of the immune response, the use of a reproducible, efficient and fast method to provide this precise assessment is extremely beneficial. Quantitative real time-PCR has been considered by many authors to be of great benefit for assessment of immune responses in giardiasis [18] [19] [20] [21] and leishmaniasis [22] ; and is of greater sensitivity than many other procedures [23] . Despite all efforts made on this issue, the available knowledge about the mechanisms of the immune response to giardiasis is still unsatisfactory. Therefore, the aim of this study is to analyze the cytokine transcriptional level in the intestinal tissue and assess the correlation between these levels and G. duodenalis cyst count.
MATERIALS AND METHODS
Type of the study: This experimental study was Experimental animals: Twenty-five laboratorybred, parasite-free male albino rats, aged 3-4 weeks, and weighing 100-150 g were used. The rats were obtained from Theodor Bilharz Research Institute, Egypt. They were kept under convenient conditions. All were free from any intestinal parasites as determined by microscopic examination of their stools for three successive days.
Stool samples: Stool samples positive for Giardia duodenalis cysts collected from laboratories in Assiut University Hospitals were concentrated and processed to obtain 2x10 5 cysts/ml [4] .
Study design:
Experimental animals were divided into a control group including 10 rats and an infected group including 15 rats. Animals were infected orally with 200,000 G. duodenalis cysts per rat suspended in 1 ml saline. Cysts in rats stools were individually counted and the rats were sacrificed on days 7, 14, 21, 28, 35 p.i. Intestinal samples were taken from the duodeno-jejunal junction. RNA extraction, reverse transcription and qRT-PCR were done to evaluate IFN-γ, TNF-α, IL-4 and IL-10 in the intestinal tissues.
Cyst counts: Fresh fecal pellets from each rat in the study groups, including the control group, were collected separately every day from day one p.i until day 21 p.i, weighed and examined for G. duodenalis cysts [4] . Next, the positive samples were counted using a hemocytometer slide [4] . Cyst excretion was calculated as the number of cysts per gram stool/day.
Tissue sample collection: Number (n) of rats sacrificed per day was 3 from the infected group and 2 from the control group. Rats were sacrificed on days 7, 14, 21, 28, 35 p.i based on cyst output pattern [24] . Intestinal samples were taken from the duodeno-jejunal junction (about 2.5 cm from each sacrificed rat) and processed by repeated intestinal washing using saline. To allow RNA extraction, intestinal samples were stored in RNAlater RNA extraction [25] : Intestinal samples were lysed and homogenized using Trizol reagent in conjunction with Direct-zol ™ RNA MiniPrep kit (Zymo Research Corporation, USA State, catalog No.R2050) to isolate total RNA from intestinal tissue. Ethanol was added to the sample, which was then processed through a column with a basal silica membrane to which RNA binds. Any genomic DNA was removed by using RNase-free DNase set (Qiagen, USA, catalog No. 79254). The elution of the purified total RNA was performed in RNase-free water (Qiagen, USA, catalog No. 129112). Total RNA concentrations were determined using a NanoDrop ® (Epoch Microplate Spectrophotometer, Biotek, VA, USA).
Reverse transcription [25] : By using SensiFAST 
Quantitative real time PCR:
All qRT-PCR reactions were performed using SYBR Green mastermix (SensiFAST TM SYBR Hi-ROX Kit, Bioline, London, UK). Four µl of single-stranded cDNA and amplification primers (Invitrogen, UK) were used with a total reaction volume of 20 µl. The real time reaction was carried out using the 7500 Fast Real-Time PCR System (Applied Biosystems ® , USA State) according to the following conditions: 1 cycle of 2 min at 95 º C followed by forty cycles of denaturation (at 95 º C for 25 sec followed by an annealing and extension step at 60ºC for 1 min). Sequences of the primers used for qRT-PCR reactions [25] are shown in table (1). . All conditions were done in duplicates [26] .
Statistical analysis: All analyses were carried out using the statistical package of the social science SPSS version 20 software. Data were described by mean ±standard deviation. Mann-Whitney test was used for unpaired comparisons and Wilcoxon for paired comparisons. Pearson test was used to detect the correlation coefficient between the relative immune gene expression and G. duodenalis cyst count. A two-tailed P-value was used; P< 0.05 was considered statistically significant and P< 0.001was highly significant.
Ethical consideration:
The experiments were conducted in the Animal House, Faculty of Medicine, Assiut University and approved by the Animal House Ethical Committee, Faculty of Medicine, Assiut University. Animal handling protocols were in accordance with the standard international guidelines by the National Institute of Health guide for the use and care of laboratory animals and the guidelines used in other Egyptian universities and research centers. All rats were maintained in pathogen-free insulators.
RESULTS

Cyst excretion pattern:
All experimentally infected rats showed excreted cysts in their stool indicating that all rats were successfully infected. The cyst shedding was first detected on day 6 p.i with a peak on day 14 p.i.
Then, the cyst excretion rapidly decreased and reached an undetectable level on day 20 p.i (Figure 1) . The mean fold change of each cytokine in the infected group is compared with that of the control.*P-value < 0.05, **P-value < 0.001.
Analysis of the intestinal immune response: This
DISCUSSION
The establishment of an experimental study of giardiasis with subsequent use of immunological and molecular tools for analysis is helpful for explaining the immunopathogenesis that occurs in human disease. Despite being aware of G. duodenalis parasite and its effects on humans and animals, the ways the host'simmune system controls the infection and different cytokines related with this response are not fully understood [24] . These cytokines may have a role when designing new vaccines and drugs against this infection.
The current study observed that the number of cysts per gram in stool from infected rats was detected early in the infection with a peak on day 14 p.i. In addition, no cysts were detected by day 20 p.i (the third-week p.i). This pattern of infection was similar to that previously described by Jiménez et al. [24] . Contrary to our finding, Chen et al. [27] and Dreesen et al. [21] described the infection pattern with an early peak around day 6 p.i and the infection also ended by the third-week p.i. This difference may be due to variation in the immune status of the laboratory animals, parasite genotype, the infective dose and the type of animal model [28] .
With regard to analysis of the intestinal immune response, our results demonstrated that IFN-γ was the highest up-regulated cytokine. The gene expression level of IFN-γ showed highly significant up-regulation in the early stage (day 7 p.i), reached the peak (day 14 p.i) and gradually decreased till the last stage (day 35 p.i). It was argued that this pattern of expression would alarm the immune system in the early phase of inflammatory response to overcome the infection. Roxström-Lindquist et al. [5] showed that this cytokine was important for the termination of G. muris infection and a master component of Th1 responses. In agreement with our results, a study conducted by Chen et al. [27] , reported an increase in the IFN-γ intestinal level in G. duodenalis infected mice compared with the controls. Moreover, Jiménez et al. [24] discovered that the stimulation of splenic cells of G. duodenalis infected mice with Giardia excretory-secretory antigens resulted in an increase in IFN-γ level with a peak on day 14 p.i, followed by gradual reduction.
Another important pro-inflammatory cytokine, TNF-α, was examined in the current study. We found that the gene expression level of TNF-α showed highly significant upregulation till day 14 p.i and down-regulation at succeeding time points (highly significant only on days 21, 28 p.i). We found that the expression pattern of TNF-α might augment and act synergistically with IFN-γ production especially at the early phase of the infection. Zhou et al. [29] demonstrated that this cytokine was necessary for defining the outcome of infection with G. duodenalis in mice (parasite burden and duration of the infection). In addition, the important role of TNF-α in early control of Giardia infection was reported by Matowicka-Karna et al. [30] . In the present study, the gene expression level of an essential anti-inflammatory cytokine IL-4 showed highly significant up-regulation on day 7 p.i. followed by a gradual decrease until day 21 p.i. Then it showed down-regulation at the succeeding time points (highly significant only on day 35 p.i). We believed that the expression pattern of IL-4, especially in the early phase, might have a balancing effect to overcome the high production level of both IFN-γ and TNF-α. Djamiatun and Faubert [10] reported that G. muris infection in BALB/c mice resulted in secretion of IL-4 by spleen and Peyer's patch cells. In line with the results of the present study, Jiménez et al. [24] observed that splenic cells stimulated by G. duodenalis excretory-secretory antigens produced an increased level of IL-4 with a peak on day 7 p.i followed by reduction.
Furthermore we observed that the gene expression level of IL-10 showed up-regulation on days 7, 14, 28 (highly significant only on day 7 p.i) and down-regulation at succeeding time points (highly significant only on day 35 p.i). Such an expression pattern supported our hypothesis on the balancing effect of anti-inflammatory cytokines (IL-4, IL-10) in the early phase to control the high production of pro-inflammatory cytokines (IFN-γ, TNF-α) and decrease pathology. Regarding the role of IL-10 in giardiasis, Saghaug et al. [13] reported the increase of IL-10 in the culture supernatant of cells stimulated by the soluble protein of G. duodenalis assemblage A. Other regulatory anti-inflammatory responses have also been observed in G. duodenalis infection in calves [23] .
The correlation between G. duodenalis cyst count and the relative gene expression of the pro-inflammatory cytokines showed a highly significant strong positive correlation. Anti-inflammatory cytokines, IL-10 and IL-4 gene expression levels were moderately and weakly correlated with G. duodenalis cyst count, respectively. These results are in harmony with our belief, as the increasing numbers of Giardia cysts indicated persistent infection and inflammation which, in turn, enhanced the production of pro-inflammatory cytokines (IFN-γ and TNF-α). However, moderate and weak correlations were found with anti-inflammatory cytokines (IL-10, IL-4, respectively), as the infection and inflammation started to be controlled. As far as we know, the available literature about the correlation between G. duodenalis cyst count and the cytokines gene expression level is limited. To the best of our knowledge, the current study is one of the first studies on this issue. Holopainen et al. [31] demonstrated a strong correlation between the increasing count of the virus and the pro-inflammatory cytokines gene expression levels in epithelioma-papulosum cyprini cells.
The results of the present study are consistent with those of Bayraktar et al. [32] and Ribeiro-Romão et al. [22] as we found that the recorded profile of cytokines revealed the presence of a mixed type of immune response (Th1 and Th2 cytokines) and the dominant production level related to Th1 cytokines (IFN-γ and TNF-α). A study conducted by Singer and Nash [7] disagreed with our results as they reported that neither a specific Th1 nor a specific Th2 response seem to be necessary for giardiasis.
On the whole, our results suggested that these cytokines participated in the early control of G. duodenalis infection and showed similarity with the cytokine profile reported by Jiménez et al. [24] and their effect on the rapid elimination of the infection within 3 weeks after infection. On the other hand, Kamda and Singer [33] reported the predominance of the anti-inflammatory state and subsequent chronicity of giardiasis, which is defined as giardiasis associated with the presence of parasites in the gut for more than 2 months [34] . Discrepancy in the results between the previously mentioned study and our study may be due to difference in the genotype of G. duodenalis used in each. Such wide variance was well illustrated by the results of some studies which demonstrated that infection with G. duodenalis assemblage B was associated with inflammation in human intestinal mucosa and produced pro-inflammatory cytokines including TNF-α [35] . Other authors demonstrated that assemblage A induced an anti-inflammatory state. Another explanation is the diversity in activation of dendritic cells and its subsequent function following exposure to different G. duodenalis assemblages [36] . Furthermore, each G. duodenalis genotype suggested the induction of a certain macrophage phenotype (pro-inflammatory M1 phenotype or anti-inflammatory M2 phenotype) that may significantly affect subsequent results of the infection [36, 37] . Antigenic variation between the different genotypes may also contribute to the differences of the cytokine production patterns [38] . It is worth mentioning that the immune status of the host and the presence of associated diseases such as inflammatory bowel disease may also have an effect [39, 40] .
CONCLUSION
To sum up, the current study emphasized the role of qRT-PCR in the precise assessment of gene expression level of the targeted cytokines. Applying this assay enabled us to demonstrate that giardiasis triggered both Th1 (proinflammatory cytokines) and Th2 (anti-inflammatory cytokines) response with predominance of the proinflammatory cytokines role. The balance between these cytokines and the timing of their production was crucial in G. duodenalis immune response to determine infection outcomes. Further studies are required to elucidate the capability of different G. duodenalis genotypes to stimulate different panels of pro-inflammatory and antiinflammatory cytokines and hence affect infection results. Taking these cytokines into consideration for the design of effective vaccines and new drugs is also recommended.
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